Objective: This study aimed to analyze the Austrian health care system using the ecology of care model. Our secondary aim was to compare data from Austria with those available from other countries. Design: 3508 interviews employing a 30-item questionnaire related to the utilization of the health care system including demographic factors were conducted. Participants were chosen by a Random Digital Dialing procedure. Further, a literature review of studies of other countries use of the ecology of care model was conducted. Main outcome measures: Austria has one of the highest utilization of health care services in any of the assessed categories. The comparison with the literature review shows that Austria has the highest utilization of specialists working in the outpatient sector as well as the highest hospitalization rates. Taiwan and Korea have comparable utilization patterns. Canada, Sweden, and Norway are countries with lower utilization patterns, and the U.S. and Japan are intermediate.
Background
The ecological model of care, first published in the 1960s, offers calculations on the utilization of different health care services and points strongly to the need for reorienting the organization of the health care system, medical training, and research [1, 2] . In several countries, the findings of this early publication, as well as the revised version in 2001 [3] and the Declaration of Alma Ata of the World Health Organization in 1978 [4] , were part of the impetus for a reorientation of health care system focus away from secondary and tertiary care towards primary care. The primary level of the health care sector is the component in which the vast majority of patients should receive treatment, particularly those with complex bio-psycho-social health needs [1, [5] [6] [7] [8] [9] ]. An increasing body of evidence demonstrates that countries with strong primary care systems perform better concerning mortality of cardio-and cerebrovascular diseases, hypertension, chronic asthma, bronchitis, and emphysema. Also, those countries investing more heavily in primary care have less avoidable hospitalizations due to diabetes, asthma, and COPD. They further show a higher level of equality about the selfrated health care status among persons with different socio-economic circumstances and have a slower rate of increase in overall health care spending [7, [9] [10] [11] . Despite these findings and a growing body of literature, many countries have not embraced the aims of the Alma Ata declaration, and continue to prioritize secondary and tertiary care services [7, 12, 13] .
Austria is representative of the Bismarck-system as a national social health insurance system with universal health coverage and has emphasized secondary and tertiary health care sectors in recent decades. The Austrian healthcare system is divided into the ambulatory health care sector, where GPs, specialists with own practices, and hospital outpatient departments are included alongside the hospital sector. Open access to all levels of care, including self-referral by patients, is an intrinsic principle of the Austrian health care system [14] . Within the ambulatory public sector, access iswith some minor limitationsfree to all physicians with minimal or no out of pocket co-payment. It is only a recommended option for patients to visit a GP first, and then be referred to a specialist [12] [13] [14] [15] . Additionally, a disproportionately high ratio of specialists compared to General Practitioners (GPs) work in the ambulatory sector [15] . GPs most often work in solo practices, are self-employed, and payment is based primarily on fee-for-service. Beginning in 2017, GPs have had the additional option to practice in larger Primary Care Centers or Networks.
The primary aim of the present study is to investigate the ecology of care model within the Austrian health care system and to evaluate variations in the ecology of care across socio-demographic groups in Austria.
The secondary aim is to compare the Austrian health care system data with that from other countries that have previously been studied on their integration of the ecology of medical care model, including Sweden, Norway, Japan, the U.S., Taiwan, and Korea. Possible key factors for different outcomes across these countries are discussed.
Methods
The study is part of the research project 'Ecology of Medical Care -Utilization of Health Care in Austria (ECOHCARE)' that is registered with the ClinicalTrials.gov identifier NCT01261845.
The methods used for this study were twofold. First, the utilization of the Austrian health care system was assessed through the ecology of care model, which has been published as a short report previously [16] . Further, variations between different socio-demographic groups within the model were assessed. For these steps, a quantitative approach was used, which is described in detail below.
Second, publications that describe the ecology of care model in other countries were queried through a literature review. The review was performed between 1 November 2018 and 22 February 2019, of all literature available in the database PubMed published between 1961 and 2018. Inclusion criteria for the literature search were the use of the ecology of medical care model and its utilization within different sectors of the related health care systems of a country by adults of all age groups. Only the most recent data were taken into account if several publications of a given country were found. Search terms used were 'ecology of medical care' AND the single years between '1961' and '2018'. After the identification of relevant publications, country data was compared to the Austrian data about the overall ecology of care model outcomes.
Quantitative approach

Sample
The overall results of the ECOHCARE study were published previously in the form of a figure, as a short report; however, the methods were not yet described at the time of that publication [16] . The sample was laid out so that it formed a true-to-scale representation of the population (Mikrozensus) [17] . The samples for the CATI-survey (Computer Assisted Telephone Interview) were drawn according to the standard procedure of Random Digital Dialing (RDD) on a combined sample of mobile and landline phone numbers [18] . The distribution across the Austrian mobile phone carriers was made according to their market share. For the choice of the target person within one household, a random keythe so-called 'last birthday method'was used, as is necessary for a representative survey. The last birthday method aims to reduce the possible selection bias of respondents by asking the person of a household called to respond, whom had a birthday most recently [19] . If the chosen person was not present at the time of the call, the phone call was repeated up to four times. The survey was conducted in four waves, starting in October 2010 and ending September 2011, to avoid seasonal bias.
Questionnaire
The questionnaire consisted of 30 questions related to the utilization of the health care system and demographic factors. It was translated into the languages of the four largest non-German-speaking migrant populations in Austria (Bosnian/Croatian/Serbian and Turkish) using state of the art forward and backward translation. If a person was not able to speak German, a new appointment was made with an interviewer skilled in the appropriate language.
Measures
Utilization of health care services. To measure the utilization of health care services, participants were asked whether they used different health care services during the prior four weeks. We classified the health care services to include:
Primary care services: visits to a general practitioner (GP): 'Were you treated by a GP within the last four weeks?' Secondary care services: Visits to specialists (all physicians except GPs, which are not recognized as specialists in Austria) working in their own offices: 'Were you treated by a specialist working in his or her office in the ambulatory sector within the last four weeks?' Secondary care services: Outpatient hospital care: 'Were you treated by a specialist in a hospital outpatient department within the last four weeks?' Secondary care services: Hospital care: 'Were you treated as an inpatient in a hospital within the last four weeks (except a university hospital)?' Tertiary care: (classified as services in a university hospital): 'Were you treated in a university hospital/ academic medical center within the last four weeks?'
Demographic variables. Sex of participants, dichotomized to 'female' or 'male' as well as age were assessed. Educational status was assessed for primary (up to the age of 15 years), secondary (apprenticeship or secondary school) and tertiary education (university or any further). Working status was assessed for those working full-time, part-time, or not working.
Location of residence was surveyed by postal code as well as by federal capital and county and included assessment of the number of inhabitants. These answer categories were dichotomized into urban (Vienna and federal capitals) and rural (towns and settlements with less than 5000 inhabitants).
Participants were classified as migrants based on their country of birth. This variable was dichotomized into Austrians and others.
Data analysis
All statistical analyses were done using the statistic software SPSS 24.0. First, data were weighted by profession, age, highest education level, place of residence, and sex to enhance the similarity of the data with the Austrian population. Second, the demographic characteristics of the participants were described.
For the calculation of the ecology of care model for Austria, we used a similar methodology as published previously [20, 21] . To present the results per 1000 persons per service, we calculated the number of individuals who actually utilized each service. This was accomplished by multiplication by a factor of 1000 and subsequent division of the result with the number of the overall sample for this service. Additionally, the number of individuals utilizing more than one service within a four-week period, particularly the GP, was calculated. All results are presented with 95% confidence interval (CI).
For the additional material, to estimate the independent effects of the individual characteristics on the different services used, all data were entered into a logistic regression analysis simultaneously to derive adjusted odds ratios (ORs) for each service group. For the calculation of the 95% CI, robust estimation of variance was used.
Results
Results of the quantitative component of this study show that 3508 respondents aged 15 years and older participated. Table 1 offers an overview of participant characteristics. Table 2 shows the number who presented to a given health care service. This table also details the proportion per 1000 persons in Austria, stratified by sociodemographic characteristics, who had at least one appointment with a physician within four weeks among the differing health care settings. Advanced age, having not worked recently and bad or very bad self-rated health status is associated with higher health care utilization of all services, except for that of being hospitalized in a university hospital. Hospitalization in a university hospital was associated with living in an urban region and with reported bad or very bad health status. Compared to the GP service utilization pattern, specialist use does not appear to depend on the age variable. Hospitalizations were more frequent in those with primary educational level and persons born in Austria. Further details regarding the associations of the demographics with the utilization pattern are shown in the additional material (Ad 1).
The results of the literature review identified 617 publications ( Figure 1 ). After reviewing these titles and abstracts, publications from seven countries and the first publication of White et al. [2, 3, [20] [21] [22] [23] [24] [25] [26] [27] [28] , three metropolis [29] [30] [31] , and five regional areas were selected [32] [33] [34] [35] [36] . Due to the inclusion criteria, eight publications were chosen. Details of these publications are listed in Table 3 . Table 4 depicts the utilization of different services in terms of the ecology of care model for Austria as well as the seven other countries listed in Table 3 . The comparison shows that Austria has high utilization of health care services in each of the assessed categories. Austria demonstrates the highest utilization of specialists working in the outpatient sector, with consideration of both specialists with their own practices and specialists in hospital outpatient departments. Austria additionally showed the highest hospitalization rates, taking into account both hospitalizations in secondary care hospitals and in academic medical centers. Taiwan and Korea are countries with similar utilization patterns. Canada, Sweden, and Norway are countries with a lower utilization pattern, and the U.S. and Japan are intermediate.
Discussion
This is the first time that the utilization of the health care system of a wealthy European Bismarck-System country without gatekeeping was assessed through the ecology of care model and compared with results from other countries. The principal findings are overall high utilization of health care in Austria, with especially high utilizations of specialists and hospitals. The results of Table 4 show a clear trend towards higher utilization of all services in Austria compared to other similar countries. Utilization of specialists was quite high (284/1000) in Austria, with similar patterns of utilization of specialists as found in Korea (136/1000) and Taiwan (152/1000). However, Taiwan and Korea both have a high percentage of hospital outpatient services, with no additional specialists working in their own practices ( Table 4 ) as this is not a component of health care in those countries [25, 26] . Taiwan has a National Health Insurance (NHI) system with easy access to clinics, low private co-payment and access to all public and private healthcare facilities is free without the need for a referral [26] .
Meanwhile, in Korea, the NHI has established universal health coverage, and there is no demarcated line between primary care and hospital care. In Austria, the situation is similar, with no clear distinction between primary and secondary care, minimal or no out of pocket costs, and lack of necessity for specialty referral. As a result, much as in Korea and Taiwan, there is competition for patients.
Moreover, in Austria, the number of specialists working in the ambulatory sector is higher than the number of GPs, and their utilization is high, particularly in areas with a dense specialist care structure such as big cities. This points to a supply-induced demand [15] . This element is also reflected in our results, as living in an urban region is positively associated with visiting a specialist with an own practice and being hospitalized in a university hospital ( Table 2) .
The utilization pattern of the U.S. health care system lies a bit lower than that observed in the three countries described above. The US maintains a referral based gate-keeping system that often prioritizes access to primary care first, before specialty consultation. However, the U.S. does not promote universal health coverage, which decreases access to services in general [24, 32] . In contrast to the high Austrian utilization pattern of specialist and hospital services, the service utilization in Sweden, Norway, and Canada is much lower. All three countries have a focus on primary care and a regulatory mechanism of gatekeeping between the primary and secondary level of the public health care system [20, 22, 27] .
This leads to the conclusion that free access to all levels of care, universal health coverage and lack of gatekeeping may substantially increase utilization to the point of overutilization. As universal health-coverage is one of the most important principles of health equity and equality, it should be maintained. However, to decrease overutilization, one should consider abolishing or at least adapting the free-access-toall-levels principle.
Austria has the highest hospitalization rates in OECD countries. One explanation could be Roemer's law, which states that more hospital beds lead to higher hospitalization rates. This relationship was found to be robust across geographic scales that were analyzed [37, 38] . Indeed, Austria has one of the highest numbers of hospital beds in Europe [39] .
A compounding factor to the weakness of the primary care sector is that basic and postgraduate education and training in General Practice and Family Medicine lags far behind European and international standards. Only recently has an obligatory six-month training period in a GP teaching practice become a component of postgraduate vocational training in general practice. This is an improvement to the situation of the last decades where essentially all vocational training and education for all medical specialties had been hospital-based only. High utilization of the secondary care sector in Austria has been identified in other publications, with the utilization of the secondary health care sector more than two to three-fold in Austria compared to countries with gatekeeping systems [12, 13, 15] . In contrast, studies from the U.S. and England have shown that reductions in hospitalizations are associated with high proportions of primary care physicians relative to specialists [40, 41] . Each of these studies offers similar reasons as to why the utilization of academic medical centers in Japan is very high, namely the free availability and ease of access in densely populated regions as well as the tertiary care focused education and training of medical students and young doctors [21, 28, 33, 34] .
However, GP service utilization in Austria is among the highest when compared to the other seven countries. In the decades since the first publication of the ecological model of care, many countries have changed the emphasis of their health care sectors to promote primary care. This has transformed how these health care systems have viewed appropriate access to care, shifting specialty visits and lowering costs. In Austria and similar countries, where the ecology model of care has yet to be embraced, there appears to exist general overutilization of care and an increased rate of use of specialists and hospitals.
The present study has some limitations. The study bears the potential for a recall bias [42] as participants were questioned as to their ability to remember their utilization of health care services over the preceding four weeks. However, this recall bias should be less than that found in studies with a recall period of one year. Moreover, the reason for each health care utilization episode was not assessed and, therefore, the appropriateness utilization could not be established. The study design is cross-sectional and therefore, of limited explanatory power. The survey this study relies on was distributed eight years ago. However, there has not been a substantive change to the health care system in Austria, and more particularly within the study setting of general practice. In particular, any regulation to access the different levels and services of care is still lacking and politically not even considered. Therefore, we believe the survey and responses to be both novel and relevant about the current situation.
One strength is that the Austrian study had a high response rate and the data were weighted, meaning that our sample is representative to the Austrian population. The comparison of the different results of other ecology of care studies has some limitations. One limitation is that the data was retrieved in different years with different data sampling methods and recruitment strategies. Also, the demographic composition of the various populations differs slightly. Further, differing definitions of the primary care sector were used. For instance, in the publication on Korea PC physician included GPs, general pediatricians, and general internists, whereas in Austria, only GPs were included. Despite this, Austria still demonstrated the highest utilization patterns. Ultimately, all studies of employed the ecology of care model and gave utilization of numbers per 1000 persons for a given timeframe of four weeks. The 1961 paper detailing the ecology of medical care is a landmark study for primary care and its position for the use of health care services and medical education [2] . Using the same, well known and prominently published methodology facilitates and strengthens comparative studies and conclusions.
Conclusion
In Austria and similarly organized countries, high utilization of all levels of health care can be observed. In the case of Austria, this may be the result of competition, particularly when considering the high number of specialists working in the ambulatory sector, the very high number of hospital beds, the lack of a clear separation between the primary and secondary levels of care, and universal health coverage in the presence of unregulated access to all levels of care. The authors conclude that establishing a clear and focused referral pathway from primary to secondary care could lead more appropriate utilization patterns in Austria, as seen in similar countries in this study. One important goal of health care is to help patients to access the appropriate point of service at the right time. At present, the lack of clarity in access and referral is a prominent contributor to the higher utilization of health care services in Austria. Engagement in the ecological model of care at all levels, particularly concerning primary care, including pre-and postgraduate as well as vocational education and health policy planning, would promote more appropriate and efficient access to care. 
